Metzger (13) . This compound was reacted to either KLH, bovine gamma globulin (BGG), or chicken gamma globulin (CGG) in pH 9.2 borate-saline buffer. The degree of substitution was 24 mol PC per 100,000 daltons KLH (PC-KLH), 9 mol PC per mole of BGG, and 23 mol PC per mol ofCGG. Trinitrophenyl (TNP)12-KLH was a gift from Dr. Theo Kirkland. The plasma cell tumors TEPC 15, McPC 603, and MOPC 167 were obtained from Litton Bionetics, and were maintained by serial passage of tumor cells in BALB/c mice. The ascitic fluid containing myeloma proteins was collected and the PC-binding myeloma proteins were purified by passage over a PC-Sepharose immunoadsorbant. Pneumococcal extract (PnX) was a kind gift from Dr. Benjamin Prescott, National Institutes of Health, Bethesda, Md.
Anti-TEPC 15 Idiotype Antisera. Anti-TEPC 15 was raised in rabbits by repeated injections of purified TEPC 15 myeloma protein in complete Freund's adjuvant (CFA). The rabbit anti-T15 antiserum was absorbed with MOPC 384 (IgA, K), McPC 603 (IgA, K), and mixed gamma (y1, 2'2o, "/2b, x) -Sepharose immunosorbent columns to eliminate nonidiotypic antibodies. The antibodies were subsequently adsorbed to a TEPC 15 (IgA, x)-Sepharose column and eluted by 0.1 M acetate buffer. The purified antibodies were determined to be idiotypically specific since they precipitated TEPC 15 myeloma proteins but not the closely related PC-binding IgA myeloma proteins McPC 603 and MOPC 167.
Anti-Ly Antisera. Anti-Ly sera were the generous gift of Doctors F-W. Shen and E. A. Boyse (Memorial Sloan Kettering Cancer Center), or were prepared by us. These sera were similar to those described elsewhere (14) ; anti-Ly 1.2, C3H/An versus CE normal thymoeytes; anti-Ly 2.2 (C3H/An × B6/Ly 2.1)FI versus ERLD; a B6 tumor, or (C3H/HeN X B6/Ly 2.1)F1 versus B6 normal thymocytes.
As a precautionary measure, all sera routinely were absorbed with cells from thymus, spleen, and lymph nodes of the appropriate B6 congenic mice before use in the elimination experiments. The anti-Ly 1.2 and anti-Ly 2.2 sera were absorbed also with lymphoid cells from DBA/2 (Ly 1.1 +, Ly 2.1 +) which express high levels of murine leukemia virus-associated cell surface antigens. 2 For each anti-Ly reagent, two sequential absorptions were done with 1/5 diluted antiserum at 4°C for 1 h each. The total lymphoid cell pellet for absorption was equal to the undiluted serum volume.
Specificity control for Ly 2.2 was achieved by an additional absorption of a sample of antiLy 2.2 with B6 and B6/Ly 1.1 lymphoid cells (i.e. Ly 2.2 + cells) as well as DBA/2 cells. This reagent is referred to as absorbed anti-Ly 2.2.
Immunizations. BALB/cCum mice, 8 wk of age, to be used as T-cell donors were pretreated with either 0.1 ml normal rabbit serum (NRS) or 50 /xg of rabbit anti-T15 antibodies, intraperitoneally. 1 wk later, they were immunized with either 200 #g of KLH or CGG in CFA. BALB/c mice to be used as B-cell donors were immunized with either 100/~g of PC-BGG or TNP-KLH in CFA. All donors were used 6 wk after priming.
Separation of Splenic Tcells. T cells were obtained by passage of primed spleen cells over nylon wool columns by the method of Julius et al. (15) . The yield of passed cells was usually 20% of the original spleen population. Staining of these cells with fluoresceinated rabbit anti-mouse immunoglobulin revealed less than 2% contaminating Ig + cells.
Antiserum and Complement Treatment of Cells. B cells were obtained after treatment of primed spleen ceils with 1:4 dilution of AKR anti-C3H antiserum (anti-Thy 1.2) for 30 rain at 4°C. The cells were subsequently exposed to a 1:4 dilution of guinea pig complement preabsorbed with a BALB/c liver cell suspension, for 30 min at 37°C.
Nylon wool purified spleen cells were treated with anti-Ly antisera at 1/2o or 1/~0 dilution (as appropriate for each serum). The cells were mixed with antiserum for 30 min at room temperature, washed twice by centrifugation and resuspended in medium. An equal volume of 1/10 diluted, selected nontoxic rabbit serum as a source of complement was added to the washed pellet and the mixture incubated at 37°C for 30 rain. The T cells remaining after treatment were transferred without correcting for cell death along with B cells into irradiated recipients.
Adoptive Transfer. BALB/cCum mice irradiated with 400 fads were used as recipients. Graded numbers of primed cells plus 50 #g of antigen were injected i.v. into the irradiated recipients. 
Effect of Anti-Tl5 Idiotype on the Helper Activity of KLH-Primed T Cells.
To determine the effect of anti-idiotype antibody on T cells involved in regulation of the anti-PC antibody response, T-cell donors were treated with either anti-T15 antibody or with NRS before priming with KLH. These T cells were then tested for their ability to collaborate with PC-specific B cells. T cells from NRS-pretreated donors induced a substantial anti-PC response of which 95% was TI5 + (Table II) . In contrast to this response, KLH-primed T cells from anti-T15-pretreated donors were unable to effectively collaborate with PC-primed B cells. An apparent decrease in helper activity was seen at all T-cell numbers tested. In addition, expression of the T15 idiotype in the suppressed response was somewhat less than in the control response. To determine whether this anti-T15-pretreated T-cell population lacked helper activity or had gained suppressor activity, a mixture of anti-T 15 and NRS-pretreated T cells was transferred with PC-primed B cells. It would be expected that a mixture of 2 × 106 NRS-pretreated and 2 × 10 e anti-T15-pretreated T cells would produce a response greater than 5,000 PFC per spleen if the two responses were simply additive. Yet, it can be seen that such a mixture gave only 1,600 PFC per spleen. Therefore, the failure of T cells from anti-T15-pretreated donors to collaborate optimally seems to be due at least in part to the generation of suppressor T cells which are capable of regulating the PC-specific response.
Specificity of Suppressor T Cells Generated by Anti-T15 Pretreatment.
Having established that T cells from anti-T 15-treated, KLH-primed donors could effectively suppress the T15 idiotype positive anti-PC antibody response to PC-KLH, we next asked whether the suppressive T cell was specific for the carrier, KLH, or for the T15 idiotype. To assess carrier-specificity we tested the ability of anti-T 15 treated, KLH-primed T cells to help the response to the hapten TNP coupled to KLH.
The experiment shown in Table III again demonstrates that T cells from anti-T15-treated, KLH-primed donors have far less ability to help PC-primed B cells respond to PC-KLH than do NRS-treated, KLH-primed T cells. By contrast, both populations of KLH-primed T cells help equally the anti-TNP response of TNP-primed B cells to TNP-KLH. It should be noted that the response to PC-KLH is composed entirely of direct (IgM) PFC, while the response to TNP-KLH is primarily indirect (IgG), PFC, yet neither the direct nor the indirect response to TNP was affected by T cells from anti-T15-pretreated donors. The specificity of the PC-primed B cells is shown when they are challenged with an inappropriate antigen such as TNP-KLH. Either no response is generated, or a very small response is seen which may be due to a primary anti-TNP response. The results illustrated in Table III suggest that the suppressor T cells generated by anti-T15 treatment do not act exclusively upon carrier (KLH)-specific helper T cells.
To determine whether the suppressor T cell was specific for the T15 idiotype, we tested the ability of anti-T15-treated, KLH primed T cells to suppress a response to PC on the carrier CGG. The results in Table IV ( Having established that mixtures of primed T-cell populations resulted in augmented PFC responses, we tested that ability of unprimed T cells to induce the same responses. As seen in Table V , it is clear that unprimed T cells do not affect the response to PC-KLH. Unprimed T cells alone are incapable of inducing a response to PC-KLH. Similarly, addition of unprimed T ceils to T cells from KLH-primed, anti-T15 treated, KLH-primed, or CGG-primed donors had no effect on the responses to either PC-KLH or PC-CGG. These results clearly indicate that priming of the T-cell donors is necessary both for the cross-priming evident in Table IV tation seen with mixtures of primed T cells. As was also seen in Table IV , the responses due to cross-priming are not suppressed by suppressor T cells generated by anti-T15 treatment and KLH priming. These results suggest that the suppressor T cells generated by anti-T15 treatment and KLH priming suppress only a response to PC on the appropriate carrier, in this instance, KLH. These experiments demonstrate that the suppressor T cells generated by anti-T15 pretreatment fail to act upon KLH or CGG-specific helper T cells. Likewise, the cross carrier-priming evident in Table IV and V is also unaffected by the suppressor T cells. Elicitation of the suppressive activity present with T cells from anti-T15 treated mice seems to require duplication of the environment in which they were generated originally; viz., both the idiotype and the original carrier must be present. The suppression therefore is carrier-related, but not carrier-specific. 
Ly Phenotype of Suppressor T Cells Induced by

KLH-primed T cells contained helper T cells specific for PC-KLH that could be revealed by removing the suppressor cells.
Purified T cells from anti-T15-pretreated, KLH-primed donors were tested by cytotoxicity for their expression of Lyt 1 and Lyt 2 surface antigens. Spleen cells from either NRS-or anti-T 15-pretreated, KLH-primed donors were first passed over nylon wool. The purified T-cell populations were then exposed to anti-Ly 2.2, absorbed anti-Ly 2.2, or anti-Ly 1.2 antiserum and rabbit complement. The cells remaining were subsequently tested for their ability to collaborate with PC-specific B cells in an adoptive secondary response to PC-KLH. The ability of NRS-pretreated T cells to collaborate with PC-specific B cells was unaffected by anti-Ly 2.2 treatment (Table  VI) . By contrast, anti-Ly 2.2 treatment of anti-T15-pretreated T cells restored their ability to collaborate with PC-specific B cells and eliminated their ability to suppress collaboration between NRS-pretreated, KLH-primed T cells and PC-specific B cells.
If the activity of the anti-Ly 2.2 was removed by absorption (Materials and Methods), the T cells from anti-T15-pretreated donors were unable to collaborate effectively with PC-specific B cells. The suppression is even more pronounced in this group treated with the absorbed anti-Ly 2.2 antiserum.
Within the limitations of cytotoxie elimination experiments, we can conclude that the Ly phenotype of the suppressor cells present in anti-T 15-pretreated, KLH-primed donors is Ly 1-, Ly 2 +. It also is possible that the suppressor cells have only relative differential expression of Lyt antigens, such that these cells have decreased Lyt 1 expression and increased Lyt 2 expression. Based on these data, it can be inferred that treatment of the anti-T 15-pretreated T-cell population with anti-Ly 1.2 should remove all helper activity without altering suppressor function, The final set of experiments (Table VI) It is clear from these experiments that the surface phenotype of helper T cells necessary for a secondary anti-PC response is Ly 1 +, Ly 2-. Furthermore, pretreatment of the T-cell donor with anti-T15 does not eliminate this population of helper T cells since removal of suppressor ceils restores normal help for the anti-PC response.
Discussion
In these studies, we have tested the concept that the T15 idiotype bearing PCspecific B cells responding in a secondary adoptive transfer experiment can be regulated by T cells which recognize or bear the T15 idiotype. We have shown that helper T-cell activity from KLH-primed donors is necessary for a secondary anti-PC response to PC-KLH. Pretreatment of the T-cell donors with purified anti-T15 antibodies before KLH priming substantially reduces the ability of their T helper cells to collaborate with PC-primed B cells in the generation of a normal T15 + anti-PC response. This regulation of the secondary response to PC by pretreatment of Tcell donors with anti-T15 is clearly due to the generation of Ly 2 + suppressor T cells and not due to the lack of helper T-cell activity since removal of suppressor activity with anti-Ly 2.2 antiserum allows the expression of normal levels of helper function. The expression of the Ly 2 + phenotype on a subpopulation of suppressor T ceils is consistent with the findings of other workers (19) (20) (21) (22) (23) .
It might be expected that suppression of the dominant T 15 idiotype through either direct interaction with the B cell or interaction with an idiotype-specific helper T cell would result in the expression of an anti-PC response with alternate idiotypes. Analysis of the anti-PC response at the precursor levels shows that BALB/c mice do have T 15-precursors and are genetically capable of expressing alternate idiotypes (6, 7) . The expression of T15-idiotypes seen after neonatal suppression with anti-T15 requires 4-6 mo (24), so it seems clear that the suppression of the dominant T15 idiotype is not immediately compensated for by expression of alternate idiotypes. Furthermore, the PC-priming of the B cells generates a predominantly T15 ÷ precursor population. These factors may explain the diminished response to the hapten PC seen in the presence of anti-T 15-generated suppressor T cells, since an 8 day assay does not allow enough time for the expression of an anti-PC response with alternate idiotypes.
The experiments presented in Table IV raise several interesting questions about the specificity of regulatory T cell networks and require detailed consideration. First, the observation that suppressor T cells with an Ly 1-, 2 + phenotype can be induced by anti-idiotype treatment suggests that one T cell in the network expresses idiotypic determinants on its cell surface receptors. The exact mechanism of the generation of the suppressor T cell is unclear. Second, the carrier-related specificity of the antiidiotype induced suppression requires several assumptions to formulate even a potential explanation. We envision the priming of mice with either KLH or CGG in CFA as leading to at least three events: (a) induction of T helper cells of conventional carrier specificity, (b) induction of idiotype-specific helper T ceils, and (c) induction of polyclonal T-cell activation by CFA as well as the protein carriers. After the perturbation of preexisting PC regulatory networks by anti-T15 injection, the anti-T15-treated, carrier-primed T-cell donors potentially could contain carrier-specific T helper cells, idiotype-specific T helper cells, carrier-specific T suppressor cells, idiotypeor anti-idiotype-specific T suppressor cells, and polyclonally-activated T cells of unknown specificity. How might these T cells interact to give the results obtained in the experiments illustrated in Table IV ? The crucial mixing experiments are represented in lines 15-22. In lines 15 and 16, it is seen that mixtures of control KLH-or CGG-primed T cells produce an anti-PC response somewhat greater than expected whether the antigen is PC-KLH or PC-CGG. This modest synergy might be explained by one or both of two mechanisms; preexisting polyclonally-stimulated idiotypespecific T helper cells present in both donors in low numbers might synergize in the T-cell mixture to enhance the anti-PC response, or carrier-specific activated T helper cells may recruit either specific or nonspecific (polyclonally-activated?) T helper cells from the inappropriate carrier-primed T-cell donor, which would explain the cross priming seen in lines 6 and 11. The results for lines 17 and 18 show that mixtures of T cells from anti-idiotype-treated donors provide a substantial source of T helper function which is much greater than that anticipated by the reactivity of either population alone. It should be recalled that neither of these populations have a detectable reduction in their KLH-or CGG-specific helper function, since TNP-KLH or TNP-CGG collaborative responses are normal (Table III and our unpublished observations), but their ability to help for a PC-specific response is impaired substantially (lines 7 and 12) when homologous hapten-carrier conjugates are used for boosting. The cross-priming evident in lines 6 and 11 and failure of cross-primed T cells to be influenced by anti-T15 induced suppressors (lines 8 and 13) may also explain the degree of enhancement seen in lines 15 through 18. The apparent interaction between T cells from different donors is even more pronounced when one donor has not been treated with anti-idiotype antibodies (groups 19 and 21), reemphasizing that some helper component is suppressed in groups 17 and 18 despite the unanticipated high level of helper function. The dilemma is posed by the source of idiotype-specific help (or absence of idiotype-specific suppression) in lines 15 through 22, since KLH-or CGG-specific helpers by themselves cannot generate adequate helper function in anti-T 15-treated donors. One possible way to escape this dilemma is to postulate that the Ly 1-, 2 + suppressor T cells are induced by the combination of anti-T15 treatment and carrier-priming and have a conjoint specificity, i.e. their activation for expression of suppressor function requires exposure to both idiotype and carrier, perhaps simultaneously, even though they were induced by separate exposure. An alternative explanation is that both anti-idiotype treatment and carrierpriming induce populations of specific suppressor T cells which separately are relatively ineffective, but which can synergize for suppression when both are activated. The enhancement of T helper function in lines 17 and 18 then would be explained by a failure of suppressors from anti-T15-treated, KLH-primed donors to suppress the interaction between idiotype-specific help and CGG carrier-specific help and vice versa. This potential explanation also would account for the very high responses in lines 19 and 21, since anti-idiotype induced idiotype-specific helper cells would escape suppression because they would be activated by PC on the inappropriate carrier for suppressor stimulation.
A general explanation is that all the classes of T helper and suppressor cells mentioned above exist in a dynamic equilibrium, and that activating one component of the interacting system destroys the equilibrium throughout the system. The signals which allow communication between components of the system may be relatively non-specific, while activation of many of the individual members of regulatory network is envisioned as antigen-specific (e.g. hapten, carrier, or both).
